Abstract. Microsatellites can be used for communication with remote observing sites. We present experience from the use of TUBS AT for communication between Austin/Troms0 and the Maidanak Observatory in Uzbekistan, during the WET campaign in September 1992.
Introduction
The WET campaigns engage observers at selected longitudes around the planet Earth. During the campaign it is important to have real time communication with the observers, in order to know what they have observed and to be able to tell them what to do next: to change the object or observe the same star as last night. It is also important to get the data to the headquarters to be analyzed as soon as possible.
Most of the sites have good possibilities for communication, like telephone and e-mail. However, at some sites such as Kavalur in India and Mt. Maidanak Observatory in Uzbekistan, these possibilities for communication do not exist at present.
The observatory at Mt. Maidanak participated in the WET once in September 1992, and was tested well before that, in May 1992. Jan-Erik Solheim (Norway) and Edmund Meistas (Lithuania) were observers both these times, and they tried to solve at least part of the communication problems by use of a microsatellite named TUBSAT-A. With the TUBSAT it was possible to receive or send short messages, but it was not possible to transfer data.
Tubsat-A
TUBSAT-A is a student satellite of the Technical University of Berlin. It was launched as a secondary payload to the European Remote Sensing satellite ERS-1. The primary goal of the TUBSAT is educational. In addition, there are some experiments sponsored by the space industry, and one of them is testing the possibilities to transfer scientific messages and data from the remote places.
TUBSAT orbits the Earth at an altitude of 780 km. It has the sizes 45 x 45 x 60 cm and a mass of 50 kg. The orbital period is 100 min 21 sec. The orbit is fixed in space, while the Earth rotates underneath it (Fig. 1 ).
Communication
To communicate by TUBSAT, we need: a) an electronic memo adapted for communication by TUBSAT, b) a transmitting/receiving (T/R) unit (Walkie-Talkie-size) with an antenna, c) batteries if at a place with no electricity.
One has the possibility to send and receive a message of about 40-50 letters in total.
To transmit a message, one has to write it into the memo unit and store it in the memory. This information should be transferred to the communication T/R unit. Some minutes before the passage of TUBSAT one should go outside to an open area and wait for the satellite (Fig. 2a) . If the system is equipped with a separate antenna which can be located to see most of the sky, the communication could be done comfortably from inside.
To receive a message, one should wait passively with a T/R unit prepared for communication, until it makes contact with the passing TUBSAT and receives a message. This message must be transferred to the memo unit and only then it becomes possible to read (Fig. 2b) . As long as the received message is not transferred, the T/R unit is not able to receive another message.
The satellite is designed for energy economy and spends most of the time in hibernation. Every 4.5 minute it listens for signals from somebody who wants to send or receive a message. If it receives a signal, it receives or transmits a message from or to the waiting T/R unit. If it receives no signal, it goes back into hibernation. This means that one cannot get in contact with the satellite at any time. If the passage is low and short, one may not be able to get in contact with the satellite at that pass. But if the pass is high and long, one might be able to receive and to transmit during the same pass.
TUBSAT keeps the messages in selected buffers. If somebody wants to receive a message, the satellite transmits it from the selected buffer. It transmits this message until a new message is received. That new message is transmitted next time when somebody tries to receive it from that selected TUBSAT buffer. 
Experiences
Communicating via the TUBSAT made it possible to let the headquarters in Texas know what was done at Maidanak and to let the headquarters send back messages to the observers.
The conditions for communication at Maidanak were good, transmitting and receiving were without problems. The only problem was to remember when the satellite passed, and a simple alarm-clock did the trick.
In Troms0 I had more problems. Due to radio noise from the surroundings, mostly caused by computers at the Institute, I had problems in receiving readable messages. Many of the messages consisted of question marks, telling that the memo did not get good signals. Sometimes I contacted the satellite without receiving any message at all.
Usually there were one or two question marks in the message and once in a while I got messages without errors.
All these problems are due to noise from the surroundings interferring with the signals from the satellite. This noise also created problems when transmitting, so I turned into a habit of checking my own message by receiving at the next pass, to make sure it was readable.
One special problem occurred when the memo in Troms0 was stolen. I could then receive the message from Maidanak by going to a ground station for TUBSAT in Troms0. But I was not able to send any message to Maidanak, because I had no authority to use the ground station for sending.
Future plans
There exist several plans for future microsatellites, and I will mention one of them here (for more information, see Maral et al. 1991) .
This plan, maybe the most convenient for the WET, is to put a ground station for TUBSAT at Spitzbergen at 78°N. It would be remote controlled, and messages could be sent to the ground station by e-mail and answers returned in the same way. At Spitzbergen there is little radio noise, and almost all orbits can be seen, so the conditions would be much better.
Larger memories in future TUBSATs will allow us to transfer the observed data. It will also be equipped with the error checking procedures, which gives more reliable communication.
